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Orbits and Energy
(universal energy is not in textbook so
you will get a handout)

| ook at a mass m In circular orbit
around another mass, M.

Determine the equation for
a) force between the masses
b) the acceleration of mass, m in terms
of M, mandr.
c) the velocity of mass m
d) the period of revolution of mass m
e) calculate a)-d) for Charon as it



revolves around Pluto.

Pluto mass 1.31 x 102%%kg

Charon mass 1.90 x 10%1kg
Charon's orbital radius 1.75 x 10’ m
distance to centre of Pluto is 1.96 X
10’'m

f) What is the period of Pluto around
the epicentre (the same point
Charon revolves around)? 7
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https://en.wikipedia.org/wiki/Charon_(
moon)#/media/File:Pluto-
Charon System.qif

Fo=GMm/r?
G=6.67 x 10-1*Nm?/kg?


https://en.wikipedia.org/wiki/Charon_(moon)#/media/File:Pluto-Charon_System.gif
https://en.wikipedia.org/wiki/Charon_(moon)#/media/File:Pluto-Charon_System.gif
https://en.wikipedia.org/wiki/Charon_(moon)#/media/File:Pluto-Charon_System.gif

ac=V3/r = 4r?r/T?

If you are in an orbit
Fg:Fc

a) Fg=GMm/r?
= 6.67 x 10-1*Nm?/kg? (1.31 x 10%2kg)
(1.9 x 10%%kg) /(1.96 x 107m)?
watch out, r isn't always radius, it is the
distance between the centres

= 4.3 X 1018%1 - I(JM

b)a=F/m =2.274495 x 103
=2.3 X 103 m/s?
c) v4/r = a v = root (ar)= root (2.3x103m/s?
1.75 x 10’m )
v=2.0 x 10° m/s
d) a=4n?r/T?
T = root (4n°r/a) = 5.5 x 10°s= 6.4 days

f) same as Charon




Gravitational Energy, Eg

If g Is uniform (h is small relative to the
planet radius)

Eq = mgh

where m is mass of the object

g is the gravitational field strength
(near Earth, g= 9.80N/kg)

h is the height relative to any arbitrary
point.

If h Is relative to the floor, Eg Is positive
and if h is relative to the ceiling, Eg is
negative.

What if h is large relative to Earth, so g
changes?

Graph of Fg vs r
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So, we will define gravitational energy, Eg
as the work done against gravity moving
a mass m from infinity tor.

i Eg =G)GMm/r relative to 0 at infinity
the negative sign

a) How much gravitational energy does a 1000

Kg rocket have on the surface of the Earth?

b) How much energy is required to send the
rocket up 400 km?

c) If you calculated b using mgh what is the

difference in energy? Ww

a) Eg = -GMm/r Eadh's WS
-6.67 X L0 :Nm?/kg*(5.98 x 10%%g)
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16.67 X 10"INM2/ke(5.98 x 107%kg)

(1000kg)/6.38 X 10°0¥ 11, ,{ zarfh
raring ¢

=-6.25x 1010 Nm

~ . 6.25x 1010 J

b) Egr-EQgi =

Egr = f )
.6.67 x 10-1INm2/kg? (5.98 x 1024kg) ‘-@
(1000kg)/(6-38 x. 10°m + 400 000m)

-5.88 x 10103 'e h

Egi-Egi = -5.88 x 1019J - (- 6.25 x 1010 J)\

= 3.7 x10° ]

c) mgh = 1000 kg 9.8N/kg x 400 000m
=3.9x10%J
off by 2 x 108J



